1. Introduction
===============

Polycystic ovary syndrome (PCOS) is the major cause of endocrine disease and anovulatory infertility in women. PCOS is characterized by impaired ovulation, and accumulation of preantral and small antral follicles in the ovaries. It is proposed that insulin resistance and hyperinsulinemia are the main pathogenesis of anovulation and infertility in PCOS patients ([@b1-epj-09-5969]). Anti-Mullerian hormone (AMH) is a dimeric glycoprotein which is a member of transforming growth factor B (TGF-B). AMH is produced exclusively by the granulosa cells of primary, preantral and small antral follicles in women, and the serum concentration of this hormone reflects the ovarian follicular reservoir. Studies have shown that AMH level in women with PCOS are 2--3 times higher than in healthy women ([@b2-epj-09-5969], [@b3-epj-09-5969]). Metformin is the most common antihyperglycemic agent, recently introduced for treatment of women with PCOS. Some studies have attempted to investigate the AMH serum level during treatment with metformin in patients with PCOS ([@b4-epj-09-5969]). In a study by Fleming et al. ([@b5-epj-09-5969]), they found significant decrease in AMH after 8 months of the metformin administration in PCOS women. Neagu et al. ([@b6-epj-09-5969]) demonstrated that ovulation was restored in all the PCOS patients after 2 months of treatment with Metformin (850 mg/two times per day) and also, the serum level of AMH was significantly decreased. Paradoxically, Grigorian et al. ([@b7-epj-09-5969]) showed that serum AMH concentration did not change significantly after 6 months of metformin therapy (850 mg/two times per day). Oral antihyperglycemic agents suppress total androstenedione and increase the follicular growth and ovulation in women with PCOS. Numerous studies have proved that metformin induces regular menstrual cycles and enhances ovulation in women with PCOS. But the impact of metformin on serum AMH level in these patients is still ambiguous ([@b8-epj-09-5969]). The serum AMH level is more reliable for evaluation of ovarian function and ovarian pool size compared to other markers such as inhibin, estradiol and follicle stimulating hormone ([@b4-epj-09-5969]). On these grounds, determination of the serum AMH changes during treatment with metformin is important for understanding the effect of this treatment on ovarian function. The aim of this study was to assess the effect of metformin treatment on serum AMH in PCOS infertile women.

2. Material and Methods
=======================

2.1 Participants
----------------

This study was a pre and post study performed between October 2013 and November 2014. Thirty infertile PCOS women attending the infertility departments of Shahid Beheshti Hospital in Kashan, Isfahan, Iran, were invited to participate in the study. Written informed consent was acquired from all participants. Age, weight, height, menstrual pattern, presence of hirsutism, and drug history was recorded for each patient.

2.2. Eligibility criteria
-------------------------

Inclusion criteria for this study were: PCOS, age (18--35 years); no contraindications for oral administration of metformin, no administration of metformin within the previous four months, no administration of oral contraception within two months prior to the study, lack of thyroid dysfunction, hyperprolactinemia, diabetes mellitus, late-onset or congenital adrenal hyperplasia; and no medication affecting gonadal or adrenal function, carbohydrate or lipid metabolism. Exclusion criteria was metformin intolerance.

2.3. Diagnostic and laboratory
------------------------------

PCOS, was diagnosed based on the Rotterdam consensus statements criteria, and included at least two of the following three characteristics: menstrual irregularity due to oligo and/or anovulation (having an interval of \>35 days between menstrual periods and/or amenorrhea, described as the absence of vaginal bleeding for at least six months), polycystic ovaries morphology on ultrasound exam (12 or more small follicles in an ovary), and clinical symptoms or biochemical markers of hyperandrogenism and exclusion of other etiologies ([@b9-epj-09-5969]). Clinical hyperandrogenism was evaluated by the self-reported degree of hirsutism using the modified Ferriman Gallwey (mF-G) scoring method.

2.4. Sample size
----------------

The sample size was determined based on findings of Neagu et al. ([@b6-epj-09-5969]) using the following formula: n= (Z~1-α/2~ --Z~1-β~)^2^ (SD~1~+SD~2~)^2^/d^2^, where: α=0.05, 1-β (Power)=0.80, SD1=0.99 (standard deviation of AMH level before intervention), SD2=0.46 (standard deviation of AMH level after intervention), d=8.99--6.28 (difference AMH level before and after intervention). The calculated sample size was 25.

2.5. Research ethics
--------------------

The present study was accepted by the Ethics Committee of Kashan University of Medical Sciences (KUMS). All women signed written informed consent. This trial was registered on the Iranian website ([www.irct.ir](www.irct.ir)) for registration of clinical trials (IRCT code: IRCT201403132967N5)

2.6. Study design
-----------------

First, the socio-demographic and clinical information was recorded for each patient. Height and weight were measured and body mass index (BMI) was calculated as weight (kg) divided by height squared (m^2^). All measurements were done by the same operator, to reduce subjective errors. Transvaginal ultrasound was also carried out to detect early ovarian morphology. The baseline level of FSH, LH, AMH, TSH, FBS and Prolactin was measured using 10 ml of patient's blood plasma. For all patients, metformin was administrated 500 mg/day in the first week, 1000 mg/day in the second week, and 1500 mg/day in the third week. Treatment with metformin continued for 8 weeks with the aim of ovulation occurrence. AMH level (ng/ml) was measured after 8 weeks. Obtained results were compared with those of the first tests. Patients were divided in to their groups according to body mass indexes. Patients with BMI ≤ 25 were considered normal, BMI 25--29.9 overweight and BMI ≥ 30 were obese patients.

2.7. Biochemical analysis
-------------------------

Blood plasma (10 ml) was taken to measure the baseline level of FSH, LH, AMH, TSH, FBS and Prolactin. AMH, FSH, LH, and Prolactin were quantified using an ELISA kit. Fasting plasma glucose was measured by the glucose oxidase method, and TSH was measured by immunofluorescence assay.

2.8. Statistical analysis
-------------------------

Data was presented as numbers and percentage, unless otherwise indicated. AMH level comparison before and after intervention was carried out using paired-samples t-test. Multiple Linear Regression test was applied to identify variables which contributed to the AMH level. P-value less than 0.05 was considered statistically significant. Statistical analysis was carried out using SPSS version 13.0 (SPSS; SPSS Inc., Chicago, IL, USA).

3. Results
==========

Forty five infertile PCOS women were enrolled in the study. Two patients were excluded due to drug intolerance, four patients due to pregnancy during treatment with metformin, and nine patients decided to exit the study, finally, thirty patients continued the study. The mean (±SD) age and BMI of patients were 25.2±4.2 years and 26.2±3.8 kg/m^2^, respectively ([Table 1](#t1-epj-09-5969){ref-type="table"}). Level of AMH 2 months after metformin treatment significantly decreased in the overweight group. Obese subjects had more reduction in AMH ([Table 2](#t2-epj-09-5969){ref-type="table"}). The mean (±SD) serum level of AMH before intervention was 10±3.7 ng/ml, and was significantly decreased after 8 weeks of metformin treatment (7.8±3.7 ng/ml) (diff=2.18; 95% CI: 0.60--3.75) p=0.008. In the PCOS population, there was an inverse correlation between BMI and AMH, which was not significant (β=-0.34, p=0.85). According to regression analysis, AMH level change was directly associated to BMI (β=-0.345, 95% CI: −0.75--0.03, p=0.06). In other words a higher BMI led to more decrease in AMH level after metformin treatment.

4. Discussion
=============

The effect of metformin on serum AMH levels in patients with polycystic ovary syndrome (PCOS) is ambiguous. In this study, we examined the effect of metformin on AMH serum levels in PCOS patients during, before- and after study. The baseline assessment of AMH serum level in PCOS women before treatment with metformin, confirms the previous findings that AMH serum levels are 2--3 times higher in PCOS women than in healthy women ([@b2-epj-09-5969], [@b10-epj-09-5969]). This hormone is mainly secreted by granulosa cells of pre-antral and small antral follicles. Therefore, the greater quantities of this hormone in circulation may be due to a combination of increased specific secretion and increased follicle counts ([@b2-epj-09-5969], [@b3-epj-09-5969]). Animal studies have shown that insulin promotes primordial the activation of primordial follicles ([@b11-epj-09-5969]). However, the studies on hypophysectomized animals suggested that pituitary gonadotropins are not totally necessary for the activation of primordial follicles ([@b12-epj-09-5969]). Furthermore, hyperinsulinemia is a common factor which may be associated with PCOS that play a role in anovulation, hyperandrogenism, and AMH increase in PCOS ([@b13-epj-09-5969]). AMH negatively regulates primordial follicle activation ([@b14-epj-09-5969]). Therefore, insulin-sensitizing drugs, including metformin are used for most women with PCOS ([@b5-epj-09-5969]). In our study, we administrated metformin in PCOS patients and our findings were consistent with Fleming et al. ([@b5-epj-09-5969]). They found significant decrease in AMH after eight months of metformin treatment. Also, Piltonen et al. ([@b4-epj-09-5969]) have shown that AMH serum level significantly decreased after metformin treatment (1500mg /day) for six months in PCOS women. Paradoxically, Grigorian et al. ([@b7-epj-09-5969]) have shown that AMH concentration during metformin therapy did not change significantly. The study included 40 obese women with PCOS. All patients received metformin hydrochloride administrated, one tablet (850mg) two times a day for six months. The concentration of AMH did not change significantly during the treatment. Also, Nascimento et al. found that metformin treatment leads to a significant decrease in serum insulin and testosterone levels. However, no alternation in AMH level was observed after treatment ([@b15-epj-09-5969]). Recently, Madsen et al. (2015) suggested that the decrease in AMH level after 6 months of metformin treatment is, overall, not significant ([@b8-epj-09-5969]). In our study, a dose of 1500 mg metformin was administered daily for two months, while the prescribed dose was higher and the treatment duration was longer in previous studies. Our study has suggested that the dose of 1500 mg metformin daily for two months could be effective enough. Therefore, it could be theorized that metformin may have an effect on AMH levels by means of influencing insulin levels in PCOS patients. According to our study in PCOS population type 1, there was not significant correlation between BMI and AMH. A study in 2015 by Maya Krisman et al. ([@b16-epj-09-5969]) showed that although there was no correlation between BMI and AMH level in the general population, in the PCOS population, AMH was reversely correlated with BMI. This difference may be due to the small sample size in our study. Some limitation must be considered in the interpretation of our findings: 1) the small sample size led to an inadequately powered analysis for the major confounder, 2) lack of control group, 3) we did not examine the effect of metformin on serum androgen due to limited funding. It is recommended that further studies be conducted with more population and multicenter design. In conclusion, metformin is able to decrease AMH in PCOS, presumably by an insulin-dependent mechanism of action.

5. Conclusions
==============

Our findings showed that serum AMH level was significantly decreased after 8 weeks' treatment with metformin. AMH level change was directly associated to BMI. Metformin may have an effect on AMH level by means of influencing the insulin level in PCOS patients. It is recommended that further studies be conducted with more population and multicenter design, and with a control group.
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###### 

Clinical and hormonal data in women with PCOS and infertility

  Variable            Mean   CI 95%        Normal range of laboratory
  ------------------- ------ ------------- ----------------------------
  Age (year)          25.3   23.8--26.8    --
  BMI (kg/m2)         26.1   24.7--27.5    --
  LH (mIU/ml)         8.1    6.6--9.6      2.4--12.6
  FSH (mIU/ml)        4.8    3.7--5.9      3.5--12.5
  FBS (mg/dl)         91.4   87.6--95.3    70--110
  AMH (ng/ml)         10     8.6--11.4     2.2--6
  Prolactin (ng/ml)   19.1   16.3--22.06   2.8--29.2
  TSH (μIU/ml)        3.06   2.3--3.7      0.3--5.5

###### 

Change of AMH level after 2 months' treatment with metformin by BMI

  BMI          AMH (before)   AMH (2 month later)   p-value          
  ------------ -------------- --------------------- --------- ------ -------
  Normal       9.91           2.80                  10.27     4.18   0.721
  Overweight   9.49           4.13                  6.31      2.01   0.01
  Obesity      12.25          4.44                  7.75      5.85   0.068
